A complex deterministic approach (ZPLAN) was used to optimize the breeding programs for beef breeds. For the model population 1,000 beef cows and 60,000 dual purpose Simmental cows for crossbreeding were assumed. The percentage of AI was 25% within the beef breed and 93% within the Simmental cows. Domestic AI beef bulls were used for crossbreeding only. The total merit index included beef traits (birth weight, 200-dayweight direct and maternal, 365-day-weight, daily gain, dressing percentage, EUROP grading score) and functional traits (calving ease, stillbirth, fertility and functional longevity). The proportion of foreign proven and domestic AI bulls was varied as well as the number of bulls tested on stations and on contract farms. Annual monetary genetic gain and discounted profit were used to evaluate alternative breeding strategies.
Introduction
A large number of different beef breeds are kept in suckler herds. Some of the breeds are small-framed breeds or gene conservation breeds for extensive grassland management and maintenance. Their breeders' primary interest is the conservation of the breed and/or the breed characteristics. These are not considered here. To optimize the breeding programs of medium and large-framed breeds that are also used for crossbreeding, simulation studies based on a deterministic approach were carried out. In the latter breeds with foreign origin, the proportion of artificial insemination (AI) is about 25% with predominantly foreign proven bulls being used in Austria. Domestic AI bulls are nearly exclusively used for crossbreeding with dual purpose or dairy breeds. Performance recording is carried out in suckler herds and abattoirs and to a small extent in test stations. Breeding value estimation for beef breeds only exists for slaughter traits and paternal functional traits for crossbreeding at the moment. One aim of this study was the evaluation of annual monetary genetic gain, the genetic gains per trait and discounted profit of a scenario reflecting a somewhat optimized present situation in Austrian beef breeding. A main issue was the use of a total merit index including growth, carcass and functional traits. WILLAM et al. (2002) showed in dual purpose Simmental cattle that the inclusion of functional traits in the total merit index leads to higher genetic gains or at least to reduced negative genetic gains in these traits and to a higher annual monetary genetic gain. Alternative breeding strategies were analyzed using the same evaluation criteria. The low percentage of AI as well as the lack of using domestic AI bulls for purebreeding lead to reduced informations for breeding value estimation. This presumably results in smaller genetic gain due to small accuracy of breeding value estimation and insufficient selection intensity. Therefore, another objective of this study was to investigate the effect of increasing the proportion of AI as well as the use of domestic bulls for purebreeding on annual monetary genetic gain and discounted profit. Additionally, the effect of improving performance testing by extending the number of bulls tested on stations and establishing performance testing of natural service bulls on contract farms was analyzed.
Material and Methods
For modelling the breeding programs the computer program ZPLAN (KARRAS et al., 1997) was used. ZPLAN is designed to optimize selection strategies in livestock breeding by deterministic calculations. It is based on a comprehensive methodology of evaluating both the genetic and economic efficiency of breeding strategies considering one cycle of selection. The gene flow method (HILL, 1974; McCLINTOCK and CUNNINGHAM, 1974) and selection index procedures constitute the core of the program. Selection groups have to be defined which are specific for their sources of information and selection intensities. In total, 23 selection groups including domestic and foreign beef breeding stock as well as Simmental dual purpose cattle used for crossbreeding were defined. Breeding programs and their parameters are defined by the user, and the program calculates a number of criteria such as aggregate genotype, annual genetic gain for single traits, discounted returns and discounted profit for a given investment period. For the selection index part of ZPLAN the informations available for the evaluation of an individual have to be defined by type and number of relatives contributing to the index of an animal. In a first step in the program, a breeding program based on the current situation was defined and evaluated. Second, alternative breeding schemes were defined. The selection intensities were adjusted for finite population size using the approximate method of BURROWS (1972) . However, ZPLAN cannot consider reduced genetic variance due to selection and inbreeding. Details about the methodology used in ZPLAN are described in NITTER et al. (1994) and WÜNSCH et al. (1999) . The essential input parameters (population parameters, biological coefficients and cost parameters) for the base situation are presented in Table 1 . Except for the foreign proven bulls, only field weighing records (birth weight, 200-day-weight and yearling weight) are available for bulls (natural service). Foreign AI bulls were assumed to be genetically superior to domestic AI bulls (Table 1) . For domestic AI bulls performance testing on stations was supposed to be compulsory following the situation of the Limousin breed in one of Austria's federal countries. Generally, the input parameters describe an optimized situation of the Limousin breed in Austria. The supposed breeding costs are average costs mainly based on calculations by EGGER-DANNER et al. (2000) . Only 50% of the weight recording costs were assumed to be related to breeding. No costs for semen production or storage were included since at present no progeny testing scheme for domestic AI bulls exists. The criteria to evaluate alternative breeding strategies used in this study are defined as follows:
Annual monetary genetic gain (AMGG):
Monetary superiority per year of progeny of the selected animals of one selection cycle in the breeding unit.
Discounted profit (P):
Discounted returns minus discounted breeding costs, discounted return is the monetary value of genetic superiority expressed by improved animals in the whole population (breeding and commercial unit) over the time of investment (20 years). Table 3 Genetic correlations and heritabilities (diagonal elements) of the traits in the total merit index (traits are scaled so that higher values are desireable) (Genetische Korrelationen und Heritabilitäten ( Total merit index For the total merit index, the appropriate traits of the total merit index applied to Austrian dual purpose cattle were used (MIESENBERGER, 1997) as well as the beef cattle specific traits birth weight, 200-day-weight direct and maternal and yearling weight. The economic weights listed in Table 2 were derived by MIESENBERGER (1997) using a herd model (AMER et al., 1994) . The economic weight for 200-day-weight was adopted from SCHÄFER (1997). All economic weights are expressed as marginal monetary gains due to improvement of a trait by one genetic standard deviation. In the total merit index about 38% of the economic weight is on beef traits, 56% on functional traits and 6% on milk (200-day-weight maternal). The matrix of heritabilities and genetic correlations is given in Table 3 . Due to insufficient data quality and quantity of Austrian beef cattle, the parameters for beef traits and their correlations to functional traits had to be taken from literature (KOOTS et al., , 1994b INRA & Institute de L'Elevage, 1999) . Since the matrix was not positive definite, 'BENDING' (HAYES and HILL, 1981) was applied using the program BENDPDF V1.1 (ESSL, 1991; ESSL, 1996) .
Alternative breeding strategies
The effect of increasing the proportion of AI with foreign and domestic bulls as well as extending the test capacity on station and on contract farms was studied. The proportion of AI was increased from 25% (base situation) to 50% with foreign bulls only and 25% foreign and 25% domestic bulls, respectively. A condition for selection of domestic AI bulls was performance testing on station, resulting in realization of the trait daily gain instead of the auxiliary trait yearling weight. As an additional breeding strategy, 2 of the 5 domestic AI bulls were only used after receiving information for slaughter and paternal functional traits from 15 crossbred progeny. The number of bulls per year tested on stations was extended from 12 to 24 and 48. Additionally a testing scheme for natural service bulls on contract farms with a capacity of 60, 80 and 100 places per year was investigated.
Results and discussion The annual genetic gain per trait for the base situation expressed in genetic standard deviations is shown in Table 4 . Although functional traits are weighted with 56% in the total merit index, the annual genetic gain of the majority of the functional traits is slightly negative, especially of paternal calving ease. The reason for that are the low heritabilities of functional traits in connection with their negative genetic correlations to beef traits. In an Australian study ) the use of the computer program ZPLAN for evaluting alternative designs in beef breeding was discussed. The results also showed that selection for growth traits only may lead to negative genetic gains in functional traits. In a second Australian study , increasing levels of performance recording additionally to live weights were analysed. Fertility traits, carcass traits, calving difficulty and cow weight were considered. In no scheme calving difficulty could be improved. However, with increasing level of performance recording the genetic gain in calving difficulty became less negative. WILLAM et al. (2002) showed for dual purpose Simmental cattle that the inclusion of functional traits in the total merit index leads to higher genetic gains or reduced negative gains for fitness traits. The annual monetary genetic gain can also be increased. For beef traits, the annual genetic gains are positive in this study, except for dressing percentage. In the Australian studies GRASER et al., 1994) , dressing percentage could also not be improved due to its antagonistic relationship with growth. Annual monetary genetic gains are listed in Table 5 for all alternative breeding strategies (base situation bold). The annual monetary genetic gain of 1.05 EURO is very low for the base situation. In a similar Austrian study, analyzing different alternative breeding strategies for dual purpose Simmental and Brown Swiss, the annual monetary genetic gain was 12.56 EURO and 11.53 EURO, respectively (EGGER-DANNER et al., 2000) . Increasing the proportion of AI from 25% to 50% results in an improvement of AMGG by 26% (foreign AI bulls only, Table 5b ) or 14% (foreign and domestic AI bulls, Table 5c ). The rise of AMGG follows improved selection intensity of natural service bulls and a higher accuracy of breeding values. This is possible without taking any measures regarding performance testing. However, the differences in AMGG between these two breeding strategies are surprising. Since foreign AI bulls are noticeably superior to the domestic AI bulls, a higher difference in AMGG was expected. Domestic AI bulls are used at a very young age as there is no progeny testing system. The result may therefore be explained by a decreased average generation interval due to the use of domestic AI bulls (5.39 years vs. 5.81 years). The discounted profit is only slightly increased, since it is related to the whole population.
As the share of the purebred beef cattle population is less than 2%, alternative breeding strategies which only affect the purebred population show little effect on the whole population. If only the two best of the 5 domestic bulls are used for purebreeding after receiving informations for slaughter and paternal functional traits for their progeny, the AMGG and the discounted profit are additionally increased (Table 5d) . Apart from that, the annual genetic gain for dressing percentage becomes slightly positive even if performance testing on station is not extended (data not shown).
Extending the number of bulls tested on station does not result in a higher AMGG if only foreign AI bulls are used for purebreeding (Table 5a and 5b). As long as domestic bulls are only used for crossbreeding, all alternatives in performance testing regarding these bulls solely show an impact on the discounted profit by improving the quality of crossbred slaughter animals. In the breeding strategy with foreign and domestic AI bulls, however, the increase in capacity of performance testing on station has a positive effect on AMGG as a result of improved selection intensity (Table 5c ). already optimized compared to the present situation of Austrian beef cattle breeds. The results of this study show that an increase of the proportion of AI, also using domestic AI bulls for purebreeding, as well as extending performance testing on station and contract farm of AI and natural service bulls, respectively, are desirable. Due to the moderate heritabilities of beef traits it is possible to achieve reasonable annual genetic gains except for dressing percentage as a result of the negative genetic correlation to other beef traits. As high dressing percentage is one of the main reasons for farmers with dual purpose breeds to use beef bulls for crossbreeding, this trait should be paid more attention. One possibility could be to use domestic AI bulls for purebreeding provided some information for slaughter and paternal functional traits from their progeny is available. The annual genetic gains of paternal functional traits were negative in all strategies investigated. This may be explained by the low heritabilities and their negative genetic correlations to beef traits as well as the small population size. Especially calving ease and stillbirth are, however, significant traits in beef breeding. One way of dealing with this problem could be the exclusive use of foreign AI bulls which are proven for these traits. If functional traits were not included in the total merit index, the genetic gain for these traits and the annual monetary genetic gain might be lower (WILLAM et al., 2002) . Therefore these traits need to be considered when a total merit index is established for Austrian beef breeds.
